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ABSTRACT 

There  Is  a  growing  consensus  among  academicians,  business  leaders  and 
government  officials  that  the  American  competitive  problem  rests  centrally  on  the 
slowing  rate  of  Investment  to  Integrate  new  automation  technology  Into 
manufacturing  operations.  Although  the  source  of  major  Innovations  In  automation 
technology  Is  from  United  States  ur^iversltles  and  research  centers,  American  firms  hove 
been  too  slow  In  adopting  these  technologies.  One  of  the  major  factors  undertylr>g  this 
problem  Is  the  lack  of  an  ecorwmic  arKilysis  technique  speciflcaily  aimed  at  estimating 
the  benefits  of  automation  technology.  This  paper  offers  an  economic  analysis 
technique  based  upon  the  premise  of  Increased  probability  of  capturing  the  market 
segments  through  economies  of  scope.  The  paper  first  demonstrates  the  Inadequacy  of 
current  economic  analysis  techniques  to  assess  the  benefits  of  automation  technology, 
then  proposes  a  new  rrrethodology  v/hich  can  be  Integrated  to  an  expert  system  to 
assess  the  ecorromic  Impact  of  various  types  of  autorrxstlon  technology. 
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1.  INTRODUCTION 

It  Is  a  well-documented  fact  that  the  American  economy  has  been  losing  Its  competitive  edge 
relative  to  Its  major  trade  partners,  Japan  in  particular.  Between  1970  and  1967,  for  example,  real 
production  of  manufactured  products  has  more  than  doubled  In  Japan  but  has  Irtcreased  only  by  50 
percertt  In  the  United  States  (Kutoy,  1969). 

There  Is  abundant  evidence  that  productivity  grows  more  rapidly  In  countries  where 
Investment  In  new  plant  and  equipment  Is  highest.  In  fact,  there  Is  a  growing  consensus  among 
academicians,  busirtess  leaders  and  government  officials  that  the  American  competitive  problem  rests 
centrally  on  the  slowing  rate  of  Investment  to  integrate  new  automation  technology  Into 
manufacturing  operations  (Kutoy,  1969:  Hayes  et.al.,  1966;  Cohen  and  Zysman,  1967).  Although  the 
source  of  major  Innovations  in  automation  technology  Is  U.S.  urrlverslties  and  research  centers,  the 
American  firms  have  been  too  slow  In  adoptir>g  these  technologies. 

One  of  the  major  factors  underlying  thte  problem  is  the  lack  of  an  economic  analysis  technique 
specifically'  aimed  at  estimating  the  bertefits  of  automation  technology.  This  paper  attempts  to  fill  this 
gap  by  offering  an  economic  arvalysls  technique  based  upon  the  premise  of  Increased  probability  of 
capturing  the  market  segments  through  economies  of  scope. 

In  the  subsequent  sections  of  the  paper,  it  Is  first  demonstrated  that  the  conventional 
economic  theory  upon  which  the  current  economic  Impoct  methods  are  based  can  not  assess  the 
economic  benefits  of  automation  technology.  In  the  mass  production  system,  capital  Investments  In 
new  technology  could  usually  be  justified  by  their  potential  to  replace  human  labor  by  machines  to 
Improve  productivity.  In  the  new  system  of  flexible  production,  however,  the  economic  foundations  of 
the  benefits  derived  from  automation  technology  are  fundamentally  different  from  the  benefits  obtained 
from  capital  Investments  on  new  technology  In  the  mass  production  system.  The  use  of  conventional 
methods  of  economic  performance,  such  as  productivity  Improvements,  would  merely  be  a 
mismeasurement  of  the  potential  benefits  that  could  be  obtained  from  automation  technology. 

In  section  two,  a  new  conceptual  framework  Is  developed  to  evaluate  the  economic  impact 
of  automation  technology.  The  r>ew  conceptual  framework  suggests  that  the  economic  foundation  of 
the  benefits  of  autorrKJtlon  technology  is  the  economies  of  scope  based  upon  the  premise  of  shorter 
lead  times.  Increased  flexibility  in  production,  and  Improved  product  quality. 

In  section  three.  It  Is  demonstrated  that  the  economic  Impact  of  automation  technology, 
considered  *lrrtanglbie'  and  therefore  left  urrquontlfled  In  conventtorral  economics,  can  be  evaluated 
through  potential  gairrs  In  Inventory  costs,  sales  revenue,  and  lower  operating  and  labor  costs  due  to 
Improvements  In  lead  times,  flexibility  In  production,  and  product  quality.  It  Is  suggested  that  the  entire 
arralysis  can  be  Integrated  Into  a  standard  economic  justification  technique  such  as  Discounted  Cosh 
Flow  analysis,  to  make  It  understandable  to  company  managers,  accountants,  and  economists.  An 
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expert  system  can  then  be  developed  to  aid  the  users  of  automation  technology  to  Identify  the 
benefits  they  may  obtain  from  Its  Implementation. 

Once  the  model  of  economic  impact  analysis  of  automation  technology  developed  In  this 
paper  Is  tested,  the  ultimate  goal  is  to  develop  an  expert  system  to  achieve  the  following: 

1.  Prior  to  the  Integration  of  a  new  technology,  the  expert  system  will  enable  a  company  to 
Identify  the  areas  In  the  manufacturing  process  In  which  the  use  of  auforrKtflon  technology  would  be 
economically  viable, 

2.  If  the  company  Is  Interested  In  developing  a  new  technology,  the  expert  system  will  guide 
company  managers  to  make  a  better  allocation  of  the  research  and  development  funds  Into  areas 
which  give  the  best  return  on  Investment. 

3.  The  expert  system  will  enable  companies  to  make  a  better  specification  of  the  general 
range  of  conditions  where  new  technologies  can  generate  acceptable  returns  to  justify  their 
Investment. 

The  arguments  support1r>g  the  line  of  reasoning  set  forth  In  this  paper  need  to  be  empirically 
verified  by  further  research.  This  effort,  nevertheless.  Is  meant  to  provide  o  new  methodology  upon 
which  future  economic  Impact  studies  of  new  automatiori  techr>ology  may  be  based. 

Z  THE  NEED  FOR  A  NEW  CONCEPUIAL  FRAMEWORK  TO  ANALYZE  THE  ECONOMIC  IMPACT 
OF  AUTOMATION  TECHNOLOGY 

In  recent  years,  a  growing  body  of  literature  has  developed  on  the  fundamental  changes  In 
the  production  process  facilitated  by  the  new  automation  technology.  The  research  In  this  area, 
however,  tends  to  emphasize  either  direct  labor  displacement  effects  without  considering  the  changes 
In  the  nature  of  work  (for  example  Ayres  and  Miller,  1983),  or  tends  to  be  advocacy  type  of  efforts 
which  assert  the  existence  of  certain  benefits  from  automation  technology  without  explaining  the 
precise  source  of  these  benefits  (Hayes  et.al.,  1988;  Cohen  and  Zysman,  1987;  Jellnek  and  Goldhar, 
1984). 

The  first  economic  or  societal  Impact  studies  of  automation  technology  overwhelmingly 
emphasized  labor  displacement  Issues  which  unfortunately  encouraged  the  formation  of  a  hostile 
attitude  toward  automation  technology  particularly  on  the  labor  side.  While  It  is  tr^t*  that  automation 
technology  replaces  human  labor  directly  Involved  In  the  production  of  goods  on  the  factory  floor,  It 
creates  more  Jobs  In  processes  Involved  In  the  productic^  of  goods.  Automation  techrtology  transforms 
the  nature  of  work  from  directly  contributing  to  the  production  of  finished  goods  to  contributing  to 
production  Indirectly  by  generating  Information  to  reduce  uncertainty  In  decisions  related  to  the 
production,  exchange,  circulation,  distribution  and  consumption  of  goods  (Cohen  and  Zysman,  1987). 
Consequently,  more  Jobs  are  created  In  setting  up  the  production  systems.  In  designing  the  products.  In 
RAD  efforts,  and  In  finance,  marketing,  and  distribution  stages  of  production.  Direct  human  labor  In 
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production  has  nevertheless  been  reduced  for  repetitive  and  hazardous  tasks  where  displacement  is 
rDore  advantageous  for  labor  In  the  long  term. 

One  of  the  key  arguments  of  this  paper  is  that  the  lack  of  an  economic  analysis  technique 
specifically  aimed  at  assessing  the  benefits  of  automation  techrK>iogy  Is  the  major  cause  of  the  confusion 
observed  In  the  prior  studies  of  automation.  In  the  next  section  we  direct  the  attention  to  the 
Inadequacy  of  conventional  economic  theory  to  assess  the  benefits  of  automation  technology. 

2.1.  The  Inadequacy  of  conventional  economie  theoiy  to  assess  the  benefits  of  automation 
technology 

The  foundations  of  traditional  economic  theory  were  developed  during  the  time  of  the 
Industrial  revolution  when  mass  production  and  moss  consumption  prevailed  in  the  world  economy.  In 
the  system  of  mass  production,  the  rrrajor  production  strategy  to  expand  profits  was  to  Increase  the  size 
of  the  total  target  market.  The  major  dllemrrra  a  Arm  faced  to  meet  competition  was  therefore  to  lower 
unit  costs  to  expand  the  size  of  the  market  for  Its  product(s).  The  unit  costs  were  lowered  through 
economies  of  scale  producing  an  Increasing  quantity  of  the  same  product)  and  by  lowering  labor 
and  row  material  costs  through  capital  Investments.  The  economic  performance  of  a  Arm,  an  Industry,  or 
the  larger  macro  economy  was  therefore  evaluated  by  ‘productivity’  which  measured  the  Increase  In 
outout  relative  to  a  unA  Increase  In  capAai,  labor  and  raw  rrKrterials. 

The  Arst  recognized  rrrethods  to  Increase  productivity  were; 

I)  To  Increase  the  division  of  labor,  and 

II)  To  delegate  repetlAve  tasks  to  machinery. 

These  nrrethods  became  economical  at  higher  outputs  sourcing  In  scale  economies.  Adam 
Smith's  famous  division  of  labor  and  Its  heightened  productivity  from  performing  a  single  repetitive  task 
could  only  be  achieved  by  increasing  the  division  of  labor  and  specializing  jobs  Into  repetAlve  tasks 
which  could  then  be  replaced  by  machines.  Capital  investments  In  new  technology  could  therefore  be 
justified  by  their  potenAal  to  replace  human  labor  with  machines  to  Increase  productivity. 

Rnally,  productivity  Improvements  through  the  Increased  use  of  machinery  was  only  possible 
through  further  standordlzaAon  of  products  which  led  to  a  substantial  decline  In  unit  producAon  costs. 
Given  the  emphasis  of  lowering  the  unit  costs  of  standardized  products  to  expand  the  total  target 
market  size,  producAvlty  was  perfecAy  relevant  to  measure  economic  performance  In  the  system  of 
mass  producAon. 

Once  the  woAd  markets  began  to  saturate  duAng  the  1960s  and  the  1970s,  A  became 
Increasingly  clear  that  moss  production  of  standardized  products  was  no  longer  proAtable  since  the  size 
of  the  total  target  market  could  not  be  expanded.  At  the  same  Am«,  with  an  Increase  In  International 
compeAAon,  the  number  of  manufacturers  attacking  a  maAret  muAlplied,  resuming  In  a  large  number  of 
differentiated  product  versions  on  the  maA<et.  The  emphasis  to  gain  the  maAcets  shifted  from  economies 
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of  scale  to  economies  of  scope.  That  b,  manufacturers  produced  a  variety  of  products  to  satisfy  a  far 
greater  range  of  market  needs  by  Increasing  the  capacity  to  manufocture  goods  cheaply  In  small 
batches.  Even  If  the  size  of  the  total  target  rrKsrket  could  rtot  be  Increased  (or  even  If  the  size  of  the  pie 
could  not  be  expanded),  economies  of  scope  ascerfairted  that  the  probability  of  actually  capturing  the 
targeted  total  market  could  be  Increased  through  product  differentiation.  New  trends  toward 
intematior>allzatlon  of  the  world  economy  also  lr>creased  competition  which.  In  turn  propelled  the  r>eed 
to  shorten  the  period  of  time  necessary  to  Introduce  a  variety  of  products  to  the  market  in  small 
batches.  As  one  can  see,  these  trends  In  flexible  production  were  In  contrast  to  the  way  firms 
competed  In  the  system  of  nrKiss  production  by  producing  large  quantities  of  similar  products.  The  new 
automation  technology  consequently  became  crucial  In  production  since  It  Improved  product  lead- 
time,  product  quality,  and  the  capability  to  Irtcreose  product  diversity. 

Once  the  rules  of  the  economic  system  started  to  change,  one  expected  to  a  see  a  change 
In  the  performance  measures  of  the  economic  system.  While  the  measure  of  economic  performance 
through  labor,  raw  material,  and  muttifactor  productivity  were  perfectly  relevant  In  the  system  of  mass 
production,  these  techniques  were  inadequate  to  measure  economic  performance  In  f/ex/b/e 
production. 

The  key  point  Is  that,  the  economic  foundations  of  the  benefits  derived  from  new  automation 
technology  are  fundamentally  different  from  the  benefits  obtained  from  capital  Investments  In  the  mass 
production  system.  The  use  of  conventional  methods  of  economic  performance,  such  as  productivity, 
would  merely  mismeasure  the  potential  benefits  that  could  be  obtained  from  automation  technology. 
The  main  benefits  of  automation  technology,  such  as  reduced  lead  times,  faster  response  to  market 
shifts,  and  Increased  flexibility  in  product  differentiation,  do  not  enter  Into  the  calculus  of  the 
conventional  measures  of  economic  performance.  It  Is  no  wonder  that  productivity  studies  of  Information 
technology  conclude  that  user  firms  have  not  experienced  productivity  gains  from  automation 
technology  and  that  the  Investment  In  other  technologies  would  be  more  beneficial  (Loveman,  iP88). 
Firms  which  were  the  early  users  of  automation  technology  do  experience  Increases  In  employment.  The 
conventional  measures  of  economic  performance  which  regard  reduction  In  labor  costs  due  to  capital 
Investments  os  a  positive  change,  only  mislead  us.  The  recent  productivity  measures  developed  by  the 
Bureau  of  Labor  Statistics  (Dean  and  Kunze.  1988),  on  the  other  hand,  consider  technological  change 
or  multifactor  productivity  as  the  unexplained  residual  In  output  growth  without  providing  any  measure 
of  how  much  of  the  Increase  In  mulltfactor  productivity  could  be  attributed  to  automation  technology. 

Let  us  review  the  basic  calculations  of  productivity  to  support  this  argument.  The  most 
common  measures  of  productivity  calculote  the  growth  In  output  due  to  growth  In  capital  and  labor 
Inputs.  The  rote  of  growth  In  output  per  hour  of  all  p>ersons  employed  In  a  firm  or  Industry  Is  recognized  as 
'labor  productivity',  and  the  rote  of  growth  In  output  per  unit  of  capital  services  Is  recognized  os  capital 
productivity'.  In  recent  years,  the  Bureau  of  Labor  Statistics  (BLS)  has  started  to  measure  multifactor 
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producttvfty  by  calcukitlng  the  portion  of  growth  rcjte  In  output  that  cannot  be  accounted  for  by  the 
growth  rote  of  combined  Inputs  of  labor  and  capital  ar»d  Is  therefore  attributed  to  technological  change. 
The  term  named  as  multifactor  productivity  (or  what  BLS  recognizes  as  the  benefit  derived  from 
technological  change)  Is  actually  the  unexplained  residual  In  the  calculation.  BLS  does  not  even 
provide  a  method  to  ottrlbutlr^g  changes  In  the  growth  rote  of  output  due  to  specific  technologies  such 
as  automation.  These  formulotlorB  have  been  derived  from  the  production  function  Q  -  A  fCKM).  where 
A  represents  the  state  of  the  technology  and  Q,  K.  and  L  denote  output,  capital  and  labor 
respectively.  Nowhere  In  this  calculation  can  the  potential  benefits  of  automation  techr>ology  such  as 
product  quality,  the  length  of  lead  time,  pxoduct  differentiation,  and  flexibility  be  evaluated. 

The  conventional  methods  of  measuring  economic  performance  served  us  well  when  the  basic 
dilemma  faced  In  the  production  process  was  to  reduce  the  unit  costs  through  economies  of  scale  to 
expand  demand  for  a  standardized  product.  Inflexible  rrysnufacturlr^g  based  upon  the  economies  of  very 
large  scale  production  of  standardized  products,  however,  severely  limits  the  number  of  product 
versions.  Retooling  of  a  plant  or  a  production  Hne  to  meet  the  customer  demand  which  a  competitor  Is 
challer^glng,  usually  means  the  sacrifice  of  ar>other  market  segment  unless  new  plants  are  added  to  the 
manufacturing  capacity  with  substantial  costs.  The  long  lead  times  from  the  conception  of  a  new 
product  to  production  reduce  the  ability  of  the  firm  to  meet  competition  on  a  timely  basis.  Automation 
of  manufacturing  operations  Is,  therefore,  absolutely  necessary  to  compete  successfully  In  the  system  of 
flexible  production. 

What  Is  rieeded  most  Is  the  development  of  r^ew  measures  of  economic  performance  which 
con  evaluate  the  economic  Impacts  of  automation  technology  In  the  system  of  flexible  production.  In 
the  next  section,  we  review  the  current  methods  used  to  asseu  the  ecor>omlc  benefits  of  automation 
technology  In  U.S.  firms  and  suggest  that  these  techniques  are  Ineffective  In  evaluating  the  economic 
benefits  that  can  be  obtained  from  automation  technology 

2.2.  The  IrKXlequaey  of  economic  Impact  arKstytii  methods  to  evahjole  the  berseflts  of 
outomoHon  technology 

The  economic  Impact  arKslysIs  aimed  at  Integrating  new  techr>ology  or  equipment  Into  the 
manufacturing  operations  of  U.S.  firms  Is  In  the  form  of  a  capital  Investment  procedure  which  typically 
allocates  current  resources  In  the  prospect  of  future  returns.  The  principles  of  these  techniques  were 
laid  down  In  1934  when  labor  was  the  chief  variable  cost  and  when  mass  production  propelled  U.S. 
Industry  to  world  dominance  These  techniques  simply  shaped  and  generated  decisions  In  such  a  way 
that  a  required  level  of  financial  attractiveness  was  achieved  by  simply  focusing  on  short  term  financial 
goals  and  responding  to  the  Implied  needs  of  a  forecasted  future  by  reducing  labor  costs. 

Over  the  last  20  years,  however,  direct  labor  costs  have  been  reduced  to  about  10  to  12%  of 
the  total  production  costs  (Kutay,  1989).  The  major  attributes  of  many  of  the  rtew  technologies  are.  for 
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example,  long  term  strategic  goals  such  as  the  product  quality,  delivery  speed  and  reliability,  and  the 
rapidity  with  which  new  products  can  be  Introduced  to  the  matVet.  Yet  the  pool  of  labor  from  which  the 
savings  would  come  to  justify  the  Investment  on  rrew  technology  has  dwindled.  Given  the  focus  on 
reducing  labor  costs,  strategic  factors  cannot  be  quantified  within  a  traditional  economic  analysis. 
Therefore,  capital  Investment  on  fundamentally  different  technologies  Is  much  more  difficult  to  justify  in 
economical  terms.  Retaining  the  existing  manufacturing  equipment  consequently  performs  as  a  better 
alternative  than  Investing  In  new  technology. 

The  reluctance  of  many  U.S,  companies  to  adopt  new  technologies,  therefore,  partly  reflects 
the  Inability  of  traditional  economic  analysis  procedures  to  evaluate  the  long  term  strategic  benefits  of 
automation  technology.  Firms  which  could  achieve  substantial  benefits  from  new  technologies  may  fall 
to  use  them  simply  because  there  Is  rto  acceptable  rrrethodology  to  quantify  the  return  on  Investment. 

Existing  literature,  when  describing  the  advantages  of  new  automation  technology,  suggests 
that  a  large  number  of  'Intangible'  benefits  exist  which,  by  Implication,  are  unquantiflable  and  thus  are 
precluded  from  any  rigorous  economic  evaluation  (Cohen  and  Zysman,  1987;  Meredith,  1986),  Recent 
reports  on  the  progress  of  automotion  In  Arrrerlcan  manufacturing  (Business  Week,  1987,  1988)  suggest 
that  top  management  often  accept  the  autorrxjtlon  technology  as  being  a  'justifiable  act  of  faith  on  a 
strategic  technology'  and  Implement  them  without  the  necessary  understanding  of  the  Implications 
critical  to  their  successful  operation.  This  approach  still  poses  serious  problems.  First,  although  It  is  less 
likely  that  such  strategic  Investments  will  be  turned  down  by  standard  procedures  because  they  do  not 
meet  traditional  financial  crtteria.  It  tends  to  be  highly  dependent  on  a  selection  process  that  separates 
’strategic*  from  ’nonstroteglc’  Investments.  Unfortunately,  most  U.S.  companies  treat  the  choice  of 
manufacturing  technology  as  a  'nonstrategic*  Issue  (Hayes  et;al.,  1988).  Most  proposals  of  the 
Investment  on  new  equipment,  therefore,  end  up  getting  evaluated  within  the  standard  budgeting 
process. 

Second,  the  process  of  automation  through  the  use  of  automation  technology  represents  o 
long  term  commitment,  with  Implementation  extending  over  several  years.  The  lack  of  quantifiable 
objectives  prevents  progress  from  being  monitored  In  financial  terms  which  are  understandable  to 
management.  Without  defined  financial  objectives,  any  disruption  can  be  used  to  abondon  the  new 
technology  whose  economic  benefits  are  realizable  In  the  long  term.  Kaplan  (1986)  suggests  that 
problems  arise  because  the  benefits  of  new  technology  are  not  deflr^d  In  financial  terms  that  top 
marKagement  can  understand.  American  machine  tool  suppliers,  for  example,  are  not  fully  committed  to 
the  production  of  new  robot  systems  because  they  perceive  that  If  their  potential  custorrrers  cannot 
clearly  Identify  defined  economic  justifications  then  they  will  not  purchase  such  systems  (American 
Machinist,  1988).  These  difficulties  can  be  overcome  If  a  new  conceptual  framework  which  can  quantify 
the  'Intangible-strategic'  benefits  of  automation  technology  Is  developed  and  Is  Integrated  in  a 
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standard  economic  analysis  procedure  acceptable  to  company  managers,  economists,  and 
accountants. 

3.  THE  CONCEPTUAL  FRAMEWORK  FOR  ECONOMIC  IMPACT  ANALYSIS 

As  pointed  out  In  the  previous  section,  the  benefits  derived  from  new  automation  technology 
are  fundamentally  different  from  the  ber>eflfs  obtained  from  capital  Investments  In  the  mass  production 
system.  Using  the  conventional  methods  of  economic  performance  would  only  mismeasure  the 
potential  benefits  that  could  be  obtalr>ed  from  r»ew  automation  technology.  The  main  benefits  of 
automation  technology  such  as  reduced  lead  times,  faster  response  to  marVet  shifts,  and  Increased 
fiexIbllltY  In  product  differentiation  as  well  os  Its  signlfV:ant1y  enhanced  capabilities  to  produce  complex 
products  of  higher  quality  and  reHablllty  levels,  do  not  enter  the  calculations  of  the  conventional 
measures  of  economic  performar>ce.  In  this  section,  a  new  conceptual  framework  which  can  readily 
Integrate  the  benefits  of  automation  technology  Intc.  the  calCL'Iotlora  of  the  Improvements  In  economic 
performance.  Is  developed. 

3.1.  Economies  of  scope:  The  economic  foundation  of  the  ber>ef1ts  of  automation  technology 

The  economic  foundation  of  the  automation  technology  Is  the  economies  of  scope  as 
opposed  to  economies  of  scale  which  r\0cossk3f»s  a  paradigm  shift  In  the  woy  we  measure  economic 
performance.  Economies  of  scope  are  said  to  exist  If  a  single  plant  can  produce  a  variety  of  products  at 
lower  unit  cost  than  a  combination  of  separate  plants  each  producing  a  single  product  at  the  given 
level  of  output.  More  formally,  there  are  Increasing  returns  to  scope  to  a  plant  producing  X  and  Y  If 

CCX.Y)  <  CCX.O)  +  C(0,Y) 

where  X  and  Y  are  the  given  levels  of  output  of  each  product  and  C(.)  are  their  respective 
cost  functions. 

Automation  technology  has  the  potential  to  make  It  Just  as  cheap  to  produce  say  fifty 
different  versions  of  a  product  as  It  Is  to  produce  fifty  Identical  pieces  of  a  given  product.  The 
fundamental  production  problem  faced  by  firms  today  b  to  capture  different  segments  of  a  broadly 
defined  market  with  different  tastes.  If,  for  example,  refrigerators  constitute  a  broadly  defined  market,  a 
given  firm  may  produce  a  number  of  different  modeb  each  of  which  b  aimed  at  capturing  a  subsection  of 
that  broadly  defined  ma.  ke!  for  the  firm.  Thb  can  be  made  possible  by  producing  a  certain  model  with 
the  attributes  which  no  other  firm  competing  for  the  same  market  can  produce.  In  thb  new  system  of 
flexble  production,  firms  rvc  longer  confront  a  situation  of  single  uniform  demand  for  a  cormiodity  called 
refrigerator  (as  It  was  under  the  mass  production  system),  but  face  dbtrlbuted  demands  for  different 
types  of  refrigerators:  some  with  Ice  makers,  some  with  double  doors,  some  powerful,  some  small  and  so 
on.  Offering  a  standard  rDOdel  which  only  comes  In  white  Is  not  likely  to  suffice  In  capturing  the  entire 
market  for  refrigerators.  In  the  flexible  production  system,  as  the  consumer  tastes  become  diversified 
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and  more  complex,  manufacturers  must  Identify  the  segments  of  consumer  demand  within  which  tastes 
and  purchasing  power  are  relatively  uniform.  They  must  then  offer  those  segments  the  products  that 
closely  match  each  segment's  expectotloru. 

The  markets  are  no  longer  os  predictable  os  they  used  to  be  under  the  mass  production 
system.  The'/  have  become  more  uncertain  and  complex.  In  order  to  quantify  the  benefits  derived  from 
automation  technology  In  this  new  system  of  production,  we  have  to  move  away  from  the  traditional 
concept  of  ’product*  In  conventional  economic  theory.  Products  should  not  be  defined  as  physical 
commodities  but  should  be  conceptualized  os  a  bundle  of  characteristics  sought  after  by  consumers. 
Going  back  to  the  refrigerator  example,  these  characte^tlcs  may  be  size,  color,  interior  room,  exterior 
Image,  reliability,  and  energy  consumption.  We,  therefore,  can  conceptualize  a  product  as  an  n- 
element  vector: 

X  ■  (x1,  x2,  x3 .  xn) 

where  'xl'  Is  the  product  characteristics 

In  the  same  n-dimenslonal  space,  a  given  consumer  can  be  conceptualized  In  the  form  of  a 
characteristics  vector: 

C  «  (cl,  c2,  c3 . cn) 

where  cl'  Is  the  characteristics  the  consumer  seeks  In  a  product 

If  x»c  In  the  case  of  a  given  consumer,  the  probability  for  this  consumer  to  buy  the  .'roduct 
should  be  1.  If  xm,  the  probability  of  a  sale  to  that  consumer  Is  less  than  one. 

Given  the  conceptual  framework  above,  we  can  measure  the  performance  of  a  firm  not  by 
growth  rate  of  output  relative  to  a  change  In  labor  and  capital  (as  Is  the  case  In  measures  of 
productivity),  but  rather  we  measure  the  performance  of  a  firm  through  the  degree  of  product 
differentiation.  This  In  turn  determines  the  probability  of  capturing  the  segments  of  the  rrxarket  for  which 
the  firm  Is  competing. 

We  can  express  this  relationship  more  formally  with  a  stochastic  function  F(M)  designating  the 
probability  of  capturing  a  rTKirwet  segment: 

F(M)  «  f0,6,ft,e) 

where  3  -  xl  -  cl  <  0  for  every  /th  characteristic  In  the  n-space,  £1  Is  yl  -  cl  <  0  for  every  I  Inthe 
n-space,  where  yl  Is  an  element  of  the  product  characteristic  quantity  vector  y  of  the  next  most 


compe'tttlve  product  to  the  product  question.  The  partial  derivatives  of  F(M)  are  negative  with  respect 
to  S  but  positive  with  respect  to  B  and  Q  and  e  Is  the  error  term. 

This  formula  suggests  that  the  firm  can  capture  the  entire  market  by  reducing  3  to  zero  or  by 
producing  as  many  customized  varieties  of  the  products  as  there  are  potential  customers  through 
automation  technology.  The  degree  of  the  minimization  of  3,  or  the  probability  of  capturing  a  market 
segment  is  determined  by  the  degree  of  flexibility  In  product  variation  which  Is  In  turn  dependent  upon 
the  use  of  automation  technology.  If  2  b  the  number  of  modeb  or  varieties  of  a  given  product  that  are 
produced  by  the  Arm.  the  smaller  the  2,  the  larger  the  size  of  the  corttumer  population  the  firm  b  trying 
to  appeal  to,  the  larger  the  variability  of  tastes  In  this  particular  consumer  population,  and  therefore 
the  smaller  the  p>robablllty  of  capturing  the  consumers  In  that  particular  population. 

Thb  conceptual  framework  ascertains  that  increasing  product  differentiation  Increases  the 
probability  of  capturing  the  market  segments  which  In  turn  Improves  the  ecorromlc  performance  of  the 
Arm.  Thb  new  evaluation  technique  based  on  the  degree  of  product  differentiation  Is  a  more  effective 
way  of  measuring  economic  performance  than  measuring  performance  through  productivity  by 
emphasizing  the  ability  to  lower  the  unit  cost  of  a  single  product.  The  new  conceptual  framework 
ascertains  that  the  probability  of  capturing  the  targeted  total  market  Increases  with  product 
differentiation  and  breaks  the  role  of  product  differentiation  out  of  the  bounds  of  being  strictly  an 
ottempt  to  Increase  sales.  The  ability  to  Increase  the  number  of  product  versions,  on  the  other  hand,  b 
constrained  by  the  degree  of  Integration  of  automation  technology  to  the  production  process.  The  less 
the  firm  uses  automation  technology,  the  fewer  the  number  of  product  versions  It  can  offer  to 
consumers,  therefore  the  less  the  probability  of  capturing  the  market  segments  and  Its  economic 
performance  will  be  lower. 

By  shifting  the  emphasb  from  economies  of  scale  to  ecorromles  of  scope,  the  new  conceptual 
framework  suggests  that  the  economic  benefits  of  autorration  technology  are: 

-  to  increase  product  differentiation 

-  to  shorten  product  lead  times,  and 

-  to  improve  product  quality. 

Within  the  wisdom  of  conventional  economics,  however,  the  main  ber>eftt  of  r>ew  technology 
b  almost  always  recognized  as  the  oblltty  to  lower  units  costs  to  Improve  productivity.  The  benefits  that 
can  be  derived  from  automation  technology  are  therefore  overlooked  as  'Intangibles'  and  are  not 
Incorporated  Into  an  economic  Impact  analysb. 
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4.  THE  ECONOMIC  IMPACT  ANALYSIS  OF  AUTOMATION  TECHNOLOGY 

W®  suggest  that  the  economic  benefits  derived  from  automation  technoiogy  considered  to  be 
'Intangibles'  and  are  overlooked  in  convent1or>al  economics,  can  be  quantified  and  incorporated  into  a 
standard  method  of  economic  evaluation. 

The  benefits  of  automation  techrtology  include  Increased  flexibility,  faster  response  to  market 
shifts.  Improved  product  quality,  and  reduced  lead  times.  These  benefits  represent  a  comparative 
advantage  which  may  increase  the  competttlver>ess  of  the  firm  In  the  markets.  Making  the  correct  link 
between  the  benefits  of  automation  technology  and  the  traditional  categories  of  accounting  can 
remedy  the  problem  of  quantification. 

One  way  of  quantifying  strategic  benefits  Is  to  consider  the  variations  In  Inventory  which  can 
be  highly  Influenced  by,  for  example,  reduced  lead  times.  Another  way  of  quantifying  benefits  may  be 
through  sales  expansion  and  revenue  enhancement.  Some  of  the  benefits  obtained  from  reduced  lead 
time,  for  example,  can  be  Incorporated  into  an  estimate  of  savings  from  Inventory  reductions.  The 
process  flexibility,  better  product  flow,  higher  quality,  and  better  scheduling,  cut  both  Work  In  Process 
(WIP)  and  finished  goods  Inventory  levels.  The  reduction  In  average  Inventory  levels  provides  a  large 
cosh  Inflow  which  can  be  captured  In  a  Discounted  Cash  Factor  (DCF)  analysis.  Better  quality  products 
can  be  quantified  through  reductions  In  the  defect  rote,  waste,  scrap,  rework.  Inspection  stations  and 
Inspectors,  and  reductions  In  warranty  expense.  Reductions  In  'Accounts  Receivable'  can  also  be  used 
to  quantify  the  benefits  from  better  quality  products  since  the  Incidence  of  customers  who  defer 
payment  until  quality  problems  are  resolved  can  be  eliminated  by  producing  better  quality  products. 
Since  the  new  technologies  also  have  the  potential  to  Increase  sales,  Increased  cash  flow  from  the 
Inventory  reductions  will  continue  In  all  future  years  by  reducing  the  cost  of  sales.  The  major  Impact, 
however,  will  be  on  marketing  advantage  and  on  the  ability  to  meet  customer  demand  with  shorter 
lead  times  and  to  respond  quickly  to  changes  In  demand  which  can  be  estimated  from  post  marketing 
and  sales  data.  The  generation  of  extra  sales  due  to  strategic  benefits,  such  as  reduced  lead  times, 
faster  response  to  market  shifts,  and  Increased  flexibility  will  result  In  an  increased  contribution  to 
revenues. 

The  impact  of  reduced  product  costs  on  product  prices  and  market  share  can  be  estimated 
from  past  sales  and  marketing  performance  of  the  product.  Declining  cash  flows,  market  share,  and  profit 
margins  may  also  be  possible  If  the  Arm  decides  r>ot  to  Invest  In  automation  technology  since  there  is 
always  the  likelihood  that  some  competitors  may  start,  using  the  new  technology  giving  them  the 
competitive  advantage. 

Savings  In  the  cost  of  space,  either  through  square-foot  rental  value  or  the  annualized  cost  of 
new  construction.  Is  another  berteftt  Item  which  can  be  computed  In  terms  of  the  opportunity  cost  of 
the  space. 


Identification  of  benefits  within  the  standard  accounting  cotegories  of  sales.  Inventory, 
operating  costs,  and  labor  costs  enables  their  quantification  since  data  on  these  categories  should  be 
normally  available  In  the  accounting  records  of  a  Arm. 

The  cortceptual  framework,  which  we  will  develop  In  more  detail  In  the  rest  of  this  paper, 
highly  differs  from  the  conventional  rrrethods  of  economic  Impoct  analysis  used  In  the  current  Justification 
of  new  technologies.  Current  rrrethods  only  consider  possible  reductions  In  costs  already  Incurred  using 
the  existirtg  technologies.  Our  proposed  framework  considers  revenue  enhancerr>ent$  due  to  strategic 
benefits  such  as  reduced  lead  times  and  Increased  flexibility  os  well  os  cost  reductions. 

Using  conventional  rrrethods,  Investrrrent  on  new  technology  Is  typically  evaluated  against  a 
status-quo  oitemotlve  that  assumes  a  continuation  of  current  market  share,  selling  price,  and  costs.  A 
correct  alternative  to  Investrrrent  on  new  technology  should  also  conslde*^  factors  such  as  declining 
cash  flows,  market  share,  and  profit  margins.  Once  a  new  technology  becomes  commercially 
applicable,  even  If  one  company  decides  not  to  Invest  In  It.  the  Hkellhood  Is  that  some  competitors  will. 
We  Integrate  the  possible  Impacts  of  changing  market  conditions  and  competitor  behavior  Into  the 
economic  Impact  analysis  via  a  computer  program  that  simulates  the  probabilistic  occurrences  of 
alternative  futures.  This  program  readily  Interacts  with  the  economic  analysis  program  and  provides  a 
magnitude  of  benefits  under  different  alternatives. 

We  suggest  the  framework  depicted  In  Figure  1.  Depending  on  the  type  of  robot  or 
automation  system,  certain  cost  or  benefit  categories  Identified  In  the  framework  can  be  omitted  or 
exparKied  upon. 

4.1.  Identifying  the  beneflts  and  eocts  OMOcloted  with  automation  technology 

This  stage  Includes  a  detailed  Itemization  of  all  the  broad  scale  beneflts  and  costs  identified  In 
the  first  stage  within  standard  accounting  categories  and  their  quantification  using  the  existing 
accounting  records  of  a  firm  or  manufacturlr>g  plant.  Identification  of  costs  and  benefits  within  the 
standard  accounting  categories  enables  their  precise  quantification  since  data  on  those  Items  should 
norrTKilly  be  available  In  the  accounting  records. 

4.1.1.  Strategic  benefits 

A.  Reduction  In  Inventory  costs: 

Reduction  In  Inventory  costs  Is  a  berwfit  Hern  which  is  usually  overlooked  In  most  economic 
Impact  studies.  The  new  automation  techrwiogy.  on  the  other  hand,  offers  the  possibility  of  reducing 
stock  levels  In  work-ln-process  (WIP),  finished  goods  and  raw  material  Inventory  due  to  greater 
predictability  of  the  production  process,  faster  throughout  tlrrres  and  due  to  the  reduction  of  scrap  and 
rework.  Caicuiating  the  financial  savings  resulting  from  a  given  Inventory  reduction  is  more  complex 
than  r>otmally  assumed.  The  only  benefit  Item  that  has  been  lr>cluded  In  prior  studies  has  been  the  direct 


IDENTIFICATION  OF 
THE  COSTS  C  BENEFITS 
ASSOCIATED  WITH 
THE  TECHNOLOGY 


Figur*  1  •  Th«  conceptual  framework 


13 


cash  savings  (See  for  example  Kaplan  (1986)  and  Meredith  (1985)).  Within  our  conceptual 
framework,  we  suggest  the  Inclusion  of  the  ber^eflts  below: 

a.  Direct  cash  savings:  Any  savings  In  Inventory  costs  due  to  the  Introduction  of  a  new 
technology  should  be  valued  on  the  basis  of  old  technology  since  the  existing  levels  of  stock  are 
produced  by  existing  manufacturing  processes.  Savings  In  the  raw  material  stock  should  be  considered 
not  only  In  row  material  Inventory  but  also  in  WIP  artd  finished  goods  Inventory.  Reduction  in  those 
Inventory  Items  should  also  be  reflected  to  the  direct  labor  content  of  WIP  and  finished  goods,  an  Item 
which  Is  disregarded  in  prior  studies.  Since  these  reductions  appear  In  the  balance  sheets  as  an  Increase 
In  cosh  rather  than  on  increase  In  profits,  no  oddltonai  tax  expense  should  be  Incurred. 

b.  Overhead  savings:  Since  the  reduction  In  inventory  levels  will  alter  the  book  value  due  to  a 
reduction  In  fixed  and  variable  overheads,  a  decrease  in  profits  will  be  Incurred.  Since  the  decrease  In 
profits  Is  purely  a  reduction  on  paper,  the  tax  liability  will  also  fall  which  should  be  Included  as  a  benefit 
In  the  economic  Impact  analysis. 

The  reduction  In  average  Inventory  levels  represents  a  large  cash  Inflow  at  the  time  the 
automation  technology  becomes  operational.  Automation  technology,  on  the  other  hand,  reduces 
scrap  and  rework.  Increases  the  predictability  of  the  production  process,  and  shorter^  lead  times.  These 
Improvements  permit  a  rrajor  reduction  In  average  Inventory  levels.  The  following  Is  a  list  of  ber>efits  that 
should  be  Included  In  the  economic  Impact  analysis: 


BENEFITS 


METHOD  OF  OUANTIRCATION 


Shorter  lead  time 


Reduced  delays 


Shorter  lead  time 


Shorter  lead  time 

and  Improved  ordering  policy 

Improved  quality 


Reduction  In  WIP  due  to  shorter 
lead  times 

Reduction  In  assembly  WIP 
due  to  the  avoidance 
of  unplanned  shortages 

Reduction  In  raw  materials 
Inventory 

Reduction  In  finished  goods 
Inventory 

Reduction  In  unwanted  stock 
due  to  the  avoldar^e  of 
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Improved  quality 

Improved  quality 
Improved  quality 
Shorter  delivery  time 

Lower  tax  liability 


duplicate  parts 

Reduction  In  obsolete  stock 
Identified  tor  disposal 

Reduction  in  spares  stock 

Reduction  in  scrap  material 

Reduction  In  finished  product 
stock. 

Overhead  savings  due  to  the 
reduction  of  Inventory. 


B.  Sales  enhancement 

A  major  advantage  of  automation  technology  is  the  generation  of  extra  sales  tsecause  of 
strategic  benefits,  such  as  reduced  lead  times,  faster  resporue  to  market  shifts,  and  Increased  flexiblllly 
resulting  In  an  Increased  contribution  to  revenues  which  can  be  Identified  through  sales  enhancement. 
The  method  of  colculotlng  the  additional  contribution  primarily  relates  to  the  question,  ’What  'x' 
percent  of  Increased  sales  can  be  expected  from  a  y  percent  reduction  In  say  lead  time?'  Although  It 
is  difficult  to  determine  the  appropriate  value  of  V  to  insert  In  the  above  question.  It  is  also  true  that  an 
estimate  should  stlfl  be  made  of  the  potential  Irrcrease  In  sales.  This  estimation  can  be  rrKade  by  using  the 
existant  Information  on  sales  lost  due  to  rejection,  late  delivery,  or  not  being  able  to  meet  customer 
needs  In  product  specification.  Arrather  way  to  estimate  sales  enhancement  Is  to  forecast  the  growth  In 
market  share  due  to  lower  prices  because  of  a  reduction  In  product  costs. 

Automotion  technology  reduces  delivery  times  and  Increase  the  reliability  of  a  firm  which  may 
Improve  the  sales  record  and  prevent  potential  sales  from  being  lost.  Sales  lost  due  to  delivery  time, 
ruction  of  products,  lower  quality  can  be  obtained  from  the  marketing  data.  Marketing  can  also  be 
used  to  provide  an  estirrKste  of  the  percentage  Increase  In  sales  due  to  reduced  delivery  time.  The 
Increase  In  sales  can  be  easily  converted  to  a  reduction  In  overhead  costs. 

Automation  technology  also  enables  the  earlier  launch  of  new  products  to  the  nrKirket  and 
therefore  Increase  sales  due  to  market  penetration.  While  accurate  dollar  estimates  of  such  a  sales 
Improvement  Is  more  difficult  to  obtain,  estimates  can  be  obtained  by  analyzing  the  marketing  data.  The 
following  Is  a  list  of  benefits  due  to  sales  enhoncement  that  should  be  Included  In  the  economic  Impact 
analysis. 


BENEFITS 


METHOD  OF  OUANTIRCATION 


Shorter  lead  time 


Shorter  delivery  time 


Improved  quality 

Improved  quality 


Increased  soles  due  to  capacity 
increase  and  shorter  set-up 
time 

Sales  lost  due  to  delays  In 
ordering  policy 

Sales  lost  due  to  r^ectlons 

Sales  lost  due  to  Incorrect 
parts 


Increased  flexibility 
In  product 


Increased  market  share 


Sales  lost  due  to  the 
dissatisfaction  of  customer  needs 
Potential  Increase  In  sales  due  to 
more  precise  products  based  on 
customer  needs 

Potential  Increase  In  sales  due  to 
Increased  market  penetration 
and  more  variable  product  mix 

Potential  Increase  In  sales  due  to 
lower  prices. 


4. 1.2.  Reduction  In  labor  costs 

Automation  technology  reduces  labor  costs  In  the  design,  production  and  maintenance 
stages  at  well  as  In  the  supervision  and  Inspection  of  the  manufactured  components  or  products. 
Although  labor  costs  currently  constitute  8  to  12%  of  total  production  costs,  the  magnitude  In  savings 
should  still  be  Included  In  the  economic  impact  analysis. 
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Automation  technology  offers  the  potential  to  reduce  labor  costs  In  the  design,  production 
and  maintenance  stages  as  well  as  In  supervision  and  Inspection  of  the  components.  Since  the 
technology  offers  the  potential  to  produce  cwnponents  In  precise  accuracy,  supervision  and  Inspection 
costs  should  be  signigicantly  reduced.  The  ber>eflt$  due  to  lower  labor  costs  have  been  Identified  os 
reduction  In: 

-  direct  production  labor  costs  due  to  fewer  set-ups. 

-  support  labor  costs  due  to  supervision  and  Inspection. 

-  labor  costs  due  to  overtime  payments. 

-  Ichor  costs  due  to  recruitment  and  tralnirtg. 

-  Inventory  control  labor  costs  due  to  lower  WIP  artd  finished  goods  Inventory. 

-  labor  costs  due  to  tooling. 

-  labor  costs  in  manufacturing  design. 

-  labor  costs  due  to  maintenance. 

-  operating  costs  due  to  engineering  and  design 

-  labor  costs  due  to  the  reduction  of  fitting  and  assembly  requlrerT>ents. 

•  labor  costs  In  prototype  production. 

-  labor  costs  In  rrxaterlals  handling. 

-  labor  costs  In  fbcturing. 

-  production  control  costs. 

4.1.3.  Identifying  costs  assocloted  with  outomatlon  technology 

It  is  Important  that  the  potential  user  of  a  r>ew  technology  Is  aware  of  all  the  costs  associated 
with  the  new  technology,  so  that  they  can  be  adequately  allowed  for.  Costs  should  be  distinguished 
oased  on  whether  the  costs  Incurred  are  'one-ofT  type  or  'ongoing'  costs  to  be  able  to  Identify  the 
timing  and  magnitude  of  cash  flows.  For  example,  the  Initial  cost  of  customizing  software  should  be 
separated  from  that  of  the  software  programmers  required  to  keep  the  system  operational. 

The  most  Immediate  cost  reduction  In  the  Introduction  of  new  techr>ology  Is  the  savings  In 
labor  costs.  However,  It  is  equally  Important  to  identify  departments  where  extra  staff  may  be  needed  to 
operate  the  system.  Most  automation  technology,  for  example.  Involves  the  development  of  CAD 
software  with  the  r)eed  for  computer  support  staff  to  be  considered. 

Instaltotlon  and  start  up  costs  should  kiclude: 

-  Computer  Hardware 

-  Computer  Installation  costs 

-  Software  costs 

-  Cost  of  writing  software  In-house 

-  External  costs  for  customizing  purchased  software 
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•  Intomal  costs  for  customizing  purchased  software 

•  Coruulting  costs 

-  CoTTjpany-wlde  education  of  personnel  who  need  to  understand  the  system 

•  Education  and  training  cost  of  people  who  will  directly  operate  the  system 

-  Cost  of  temporary  staff  to  Install  and  tun  the  system 

-  Cost  of  disrupted  production  durirrg  Implementation 

-  Cost  of  subcontract  work  to  ovoid  lost  production  during  Implementation 

-  Redundancy  costs 

The  Running  Costs  should  Include: 

-  Hire  or  lease  of  hardware  orrd  software 

•  Maintenance  contract  for  hardware  and  software 

-  Irrsurance 

-  Operating  costs 

•  Consumables. 

•  Cost  of  Software  updates. 

-  The  management  costs  of  the  system. 

-  Programmer  costs. 

-  Ongoing  education  and  training. 

-  Staff  upgrading  costs. 

4.2.  Unking  the  economic  impact  analysis  to  Discounted  Cosh  Flow  (DCF)  analysis 

Once  costs  and  benefits  are  quantified,  the  Discounted  Cash  Flow  (DCF)  arKslysis  Is  aimed  at 
measuring  the  economic  returns  on  Investment  of  new  technology  over  time. 

DCF  analysis  Is  based  on  the  concept  of  'time  value  of  money*  approach.  The  basic  Idea 
underlying  this  approach  is  to  translate  the  returns  that  can  be  obtained  from  a  certain  Investment  over 
a  certain  period  of  time  Into  an  amount  equivalent  to  a  value  today.  All  cash  Inflows  (benefits)  and 
outflows  (costs)  associated  wtth  an  Investment  are  discounted  to  a  certain  value  today  so  that  the 
magnitude  of  Investment  b  not  larger  than  the  present  value  of  future  savings.  The  discounting  furrctlon 
serves  to  make  cosh  flows  received  In  the  future  equivalent  to  cash  flows  received  at  the  present. 

There  are  other  capital  Investment  evaluation  methods  such  as  the  payback,  payback 
reciprocal,  and  accounting  rote  of  return  which  are  simpler  to  use  than  the  DCF  method  but  Ignore  the 
time  value  of  cash  flows.  These  methods  simply  determine  the  period  of  time  It  takes  for  a  project  to 
return  the  original  amount  of  money  Invested  In  It.  Thb  b  particularly  dbturbing  If  we  corrsider  the  long 
term  commitment  the  Implementation  of  automation  technology  requires.  Since  the  potential  benefits  of 
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the  technology  can  be  realized  only  In  the  lor>g  term,  any  short  run  disruption  can  be  used  to  abonden 
the  new  technology.  By  providing  quantifiable  ot^ectlves,  the  DCF  method  enables  progress  to  be 
monitored  In  flixindal  terms  understandable  to  management. 

A  critical  factor  In  DCF  ar^afysis  Is  the  timing  of  cosh  flows  associated  with  the  Investment. 
Traditional  capital  Investment  evaluations  generally  assume  that  the  total  expenditure  on  a  new 
technology  takes  place  at  a  single  point  In  time,  with  full  cash  flow  savings  similarly  being  achieved. 
With  more  complex  techr>oiogles,  however,  the  cost  of  commissioning  and  the  loss  of  revenue  during  a 
period  of  run-up  may  serlousiy  affect  Its  flnarrclol  viability.  Cautious  optimism  Is  necessary  In  regard  to  the 
start-up  period  and  the  timing  of  expenditure.  There  may  be  an  extensive  period  of  proving  robot 
fixtures,  and  control  CAD  software  and  hardware.  The  level  of  manning  also  may  not  reflect  the  time- 
scale  of  production  bulld-up.  Prior  research  on  flexible  manufocturing  systems  (EJamell  and  Dale,  1982; 
Kutoy,  1988a)  point  out  thot  a  period  of  up  to  three  to  five  years  may  be  required  between  the  first 
iTKiJor  expenditure  on  a  system  and  the  commencement  of  production.  This  delay  may  even  be  followed 
by  additional  years  before  ful  berreflts  are  achieved. 

Conventional  techniques  also  assume  that  when  a  new  technological  Innovation  is 
commlssior>ed,  the  corresponding  outmoded  facility  Is  terminated.  Therefore,  Incremental  cosh  flows  of 
both  cash  and  savings,  occupy  the  sarrre  time  scale.  This  assurrrptlon  Is  certainly  Invalid  In  the  cose  of 
automation  technology  whose  complexity  may  complicate  Its  realization  and  Increase  the  time  at 
which  It  can  be  considered  to  be  fully  commissioned. 

This  problem  will  be  resolved  by  developing  a  computer  program  to  regulate  the  timing  of  cosh 
flows  with  due  provision  being  made  for  lower  sovings  during  the  start-up  period.  Figure  2  depicts 
simplistic  assumptions  incorporated  within  a  traditional  evaluation,  whereas  Figure  3  reoresents  the 
more  complex  way  In  which  cosh  flows  change  with  time  In  a  more  complex  automation  technology. 
The  computer  program  will  determine  the  net  cosh  flow  by  evaluating  the  Individual  cash  flows 
separately  based  on  three  DCF  methods: 

J)  Internal  Rate  of  Return  ORR):  The  IRR  Is  the  Interest  rate  that  discounts  an  Investment's 
future  cosh  flows  to  the  present  so  thot  the  present  value  of  the  cosh  flows  exactly  equals  the  cost  of 
Investment.  The  IRR  Is,  In  fact,  the  Interest  rate  that  Is  earned  on  the  Investment.  OrKie  the  IRR  Is  found. 
It  wn  be  compared  with  the  minimum  rate  of  return  which  Is  the  Arm's  cost  of  capital. 

2)  Net  Present  Value  (NPV):  NPV  of  evaluating  an  Investment  Involves  discounting  all  the 
project's  cash  flows  to  their  present  value  using  a  target  rate  of  Interest,  which  Is  the  firm's  cost  of 
capital.  The  computation  of  the  NPV  will  rest  on  the  assumption  that  all  Inflows  from  the  Investment  are 
reinvested  at  the  Arm's  target  rate  of  return. 

3)  ProtItablIttY  Irtdex  (PI):  PI  will  be  computed  to  convert  the  NPV  to  comparable  figures  with 
other  investments  the  Arm  may  be  considering  to  undertake.  PI  is  the  ratio  of  the  present  value  of  cosh 
Inflows  to  the  present  value  of  the  cash  outflows. 
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Figure  3  -  Cash  flow  with  automation  technology 
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The  DCF  analysis  also  requires  the  computation  of  the  cost  of  capital  so  that  the  return  on 
Investment  on  a  new  technology  can  be  comparable  to  a  target  value.  Theoretically,  the  cost  of 
capital  can  be  computed  as  the  weighted  overage  of  the  rates  paid  to  various  investors.  For  many  firms, 
however,  the  cost  of  capital  may  be  difficutt  to  compute  because  the  cost  of  borrowing  or  the  cost  of 
equity  funds  may  change  with  changes  In  the  ecoiiomy.  goverrvnent  actloru  and  charrges  In  the  risk  of 
various  types  of  Investments.  The  DCF  approach,  on  the  other  hand,  usually  goes  wrong  when  firms  set 
arbitrarily  high  target  rates  or  'hurdle  rotes*  for  evaluottrig  the  returns  on  investment. 

The  computer  program  will  compute  the  cost  of  capital  based  on  three  methods; 

1.  The  opportunity  cost  of  capltai,  which  Is  the  return  available  in  the  capital  markets  for 
Investments  of  the  sarrre  risk, 

2.  Cost  of  Common  Stock,  which  Is  the  ratio  of  dividend  per  share  to  market  per  share. 

3.  Cost  of  Preferred  Stock,  which  Is  the  ratio  of  preferred  dividend  per  share  to  market  price  of 
preferred  share. 

4.  Cost  of  Long-Term  Debt. 

5.  Weighted  Average  Cost  of  Capital  which  Is  the  weighted  overages  of  Long-Term  Debt,  Cost 
of  Preferred  Stock  and  Cost  of  Common  Stock  based  on  the  proportion  of  the  capitalization  of  the  debt 
of  a  Arm. 


4.3.  Integration  of  the  vaifablllty  of  moitcet  eof>dltlons  to  economie  Impact  analysis 

Using  conventional  methods.  Investment  on  new  technology  Is  typically  evaluated  against  a 
status-quo  alternative  that  usually  assumes  a  continuation  of  current  market  share,  selling  price,  and 
costs.  Correct  alternative  to  investment  on  r>ew  technology  should  also  consider  a  situation  of  declining 
cash  flows,  market  share,  and  profit  margins.  Once  a  new  technology  becomes  commercially 
applicable,  even  If  or^  company  decides  not  to  invest  in  It.  the  Ikellhood  Is  that  some  competitors  will. 

In  this  study,  the  possible  changes  In  market  share,  selling  price,  and  costs  will  be  simulated  by 
a  computer  program  based  on  decision  systems  analysis.  The  computer  program  will  be  based  on  the 
probabilltic  occurrences  of  possible  attematives  which  results  If  a  Arm  decides  to  authorize  or  kill  the 
Investment  on  a  new  technology.  This  program  will  readily  Interact  with  the  economic  evaluation 
program  os  depicted  In  Rgure  4. 


Figure  4  -  Simulation  of  market  conditions 
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5.  CONCLUDING  COMMENTS 

One  of  key  arguments  of  this  paper  Is  that  the  lack  of  an  economic  analysis  technique 
specifically  aimed  at  assessing  the  bertefits  of  automation  techix>logy  Is  the  major  cause  of  the  slow  rate 
of  investment  on  new  technologies  In  the  United  States.  The  paper  addressed  this  problem  by 
developing  a  r>ew  conceptual  framework  based  upon  the  premise  of  increased  probability  of  capturing 
the  market  segments  through  economies  of  scope.  The  paper  also  demonstrated  that  the  proposed 
framework  Is  conceptually  l  nplementable  in  practice  ortd  can  be  Integrated  Into  a  standard  method  of 
economic  evaluation  understandable  to  company  executives,  accountants  and  economists.  The 
arguments  supporting  the  line  of  reasoning  set  forth  In  this  paper  need  to  be  empirically  verified  by 
further  research.  This  effort,  nevertheless.  Is  meant  to  provide  a  new  methodology  upon  which  future 
economic  Impact  studies  of  new  automation  technology  may  be  based. 
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